Reagents
Nitric acid (HNO3) and hydrochloric acid (HCl) used for dissolving the samples were ultra pure grade for elemental analysis purchased from Kanto Chemical Co. Inc. (Tokyo, Japan). For the calibration curve for ICP-AES, standard samples of Sn, Sb, Bi and As of 1000 ppm solution were also obtained from Kanto Chemical Co. Inc. (Tokyo Japan). The purified water for preparing the sample solution was prepared by a Milli-Q system (Nippon Millipore Kogyo Ltd., Osaka, Japan).
Apparatus
The ICP-AES instrument Model SPS-1700HVR (Seiko Instruments Inc., Chiba, Japan) was employed in this study. It was equipped with a c-type concentric nebulizer for high matrix solution. 5 The operating conditions for ICP-AES were same to the those previously reported. 5, 7 
Sample preparation for ICP-AES
A 250-mg portion of each arsenous acid sample was placed in a 50-ml beaker, and 5 ml of HCl was added. The mixture was heated gently to dissolve the sample, and then 0.5 ml of HNO3 was dropped in. When sample was dissolved completely, heating was stopped and the solution was cooled to room temperature. The sample was then transferred to a graduated flask, and diluted to 25 ml with ultra-pure water.
Calibration curve for ICP-AES
For the preparation of a calibration curve, 1000 ppm-standard solutions of Sn, Sb, Bi and As were diluted. Standard solution-A consisted of Bi, 1.00; Sb, 1.00; and Sn, 0.50 µg/ml. Standard solution-B contained As at 80.0 µg/ml. To the 20 ml of each standard solution, 5 ml of HCl was added to precisely 25 ml to prepare standard solutions for ICP-AES.
Synchrotron radiation X-ray fluorescence spectrometry (SR-XRF)
The SR-XRF work was performed at SPring-8 (Super Photon ring 8-GeV, Harima, Hyogo Prefecture, Japan) with high-flux synchrotron radiation from the positron-electron-accreting super photon ring on beam line BL08W (Wigglar type energy control system). In this examination, elemental analysis was conducted by an energy dispersion system; the arrangement of the sample location was according to our previous report. 8 Several particles (5 -8 particles) of arsenous acid powder were placed on 5-mmwide adhesive tape in an acrylic holder, and adjusted at the radiation position with a laser apparatus. The details were also given in a previous report. 7, 8 Five-hundred-second live-time measurements were made on all samples, with the electrons from the SPring-8 ring at an energy of 8 GeV. The radiation X-ray energy was 116 keV. The aperture was closed down to 2 × 2 mm square, and the beam size was up to 2 × 2 mm square, for a counting time of up to 2000 s. All the data obtained were analyzed with a multichannel analyzer (MCA) and results were transferred to a floppy disk for further off-line analysis. Characteristic energy K lines of each elemnt were utilized for qualitative and quantitative analysis. In the case of SR-XRF, Se is not suitable because its Kα line is overlapped with Kα and/or Kβ lines of other light elements. Furthermore, Pb is used as sealing material for X-rays at the laboratory wall. Because of the above reasons, these two elements were eliminated in SR-XRF.
Results and Discussion
In previous report, 7, 8 the forensic discrimination of arsenous samples by ICP-AES using trace elements was conducted with comparison of five elements: Se, Sn, Sb, Bi and Pb. In this SR-XRF experiment, Sn, Sb and Bi in arsenous acid were measured.
The concentrations of Sn, Sb and Bi in the arsenous acid samples were calculated from the calibration curves of standard samples prepared by ICP-AES, and these concentration values were divided by that of As. The resulting ratios were multiplied by 10 6 and their log values were calculated. Because the concentrations of these elements varied widely, this complicated protocol was required for comparison of these samples on the same radar graph. The radar graphs obtained by this method are shown in each figure, refined by a Japanese method on Fig.  1(a) , refined by a Chinese method on Fig. 1(b) , and refined by a Swiss and German method on Fig. 1(c) .
Significant differences were observed in the samples from the four countries: for example, arsenous acid made in Chinese refined samples had large amounts of all three elements, the Japanese-refined samples showed only Sb at a quite high level, and the Swiss and German samples were quite pure.
This purity difference was considered to reflect their refining method. Arsenous acid is produced as a by-product during the refining of copper; this raw material, such as arsenic sulfide is oxidized into As(V) material. After the filtration of this mixture solution, following reduction by hydrogen sulfide, As2O3 is obtained as a precipitate. In the Japanese refining method, the 776 ANALYTICAL SCIENCES JULY 2005, VOL. 21 
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filtration step is quite fine. By this reason, the dominant impurity is only Sb. Hence, the Chinese refining method is considered to be sublimation; this difference in process produced much greater levels of impurities in all elements. Chinese, Korean, Japanese, Swiss and German samples were also analyzed by SR-XRF. Typical spectra obtained and peak assignments obtained by means of SR-XRFS are shown in Fig.  2 (China and Korea refining), 3 (Japan refining) and 4 (Germany and Switzerland refining).
When exposed to the high-energy radiation of SPring-8, heavy metals such as Sn, Sb and Bi showed especially high sensitivities, and we could observe their Kα-line peaks. However, Pb could not be qualitatively or quantitatively analyzed, because it was used as the X-ray shield of the laboratory. For quantitative analysis, we used the Kα-line peaks of Sn, Sb, and Bi and the Kβ line of As because the Kα line of As overlapped with the Kα-line-peaks of lighter elements. The Kα line-peak counts obtained for each element were divided by the Kβ-line peak counts of As, and then multiplied by 100 for comparison with the data obtained from ICP-AES. We plotted the ICP-AES data on the y-axis and the SR-XRF data on x-axis, and the resulting correlations for Sn, Sb and Bi are shown in Figs. 5, 6 and 7, respectively.
The correlation coefficients obtained, which were greater than 0.97, indicate that quantitative analysis is possible by using As as an internal standard. 
Conclusions
We examined the validity of quantitative values of Sn, Sb and Bi in As2O3 between ICP-AES and SR-XRF by using SPring-8.
The X-ray fluorescence spectrometry is convenient for the analysis of solid samples, but the instrument installed in our laboratory was not sensitive enough for elemental analysis of trace impurities. Synchrotron X-ray radiation is high energy, (116 KeV at SPring-8), and by using synchrotron radiation, we were able to observe the Kα-line peaks of heavy metals in ultratrace amounts (ca. less than 5 particles).
SR-XRF showed quite high sensitivities for heavy metals such as Sn, Sb and Bi. The standardized values for these elements obtained by means of ICP-AES and the synchrotron method were compared; the two methods showed sufficient correlation.
In conclusion, SR-XRF proved to be an appropriate and quite useful method for trace analysis of ultra-trace metals in arsenous acid, as impurities and we were able to distinguish the samples by SR-XRF using only small sample particles.
